Sympatric speciation through intraspecific social parasitism has been proposed for the evolution of Hymenopteran workerless parasites. Such inquilines exploit related host taxa to produce their own sexual offspring. The relatedness of inquilines to their hosts has been generalized in Emery's rule, suggesting that social parasites are close or the closest relatives to their host species. If the closest relative of each parasite is its host, then multiple independent origins of the parasite species are implied even within a single genus, probably through sympatric speciation. To test the plausibility of sympatric speciation in inquilines, we conducted a mitochondrial DNA phylogenetic analysis in three inquiline-host pairs of Myrmica ant species. We show that congeneric inquilines have originated independently several times. We also show that two of the inqulines are more closely related to their hosts than to any other species. Our results suggest sympatric speciation of Myrmica inquilines. Sympatric speciation is probably facilitated by the social biology and ecology of Myrmica, with polygyny as a prerequisite for the evolution of intraspecific parasitism.
W
ithin the framework of the New Evolutionary Synthesis, developed in the 1930s and early 1940s, speciation proceeds through accumulation of genetic differences during extensive periods in allopatry, resulting ultimately in genetic incompatibility and reproductive isolation between populations (1, 2). The Synthesis was built on the foundations of population genetics which described the evolutionary processes within populations and the restrictions gene flow imposes on divergent evolution. Gene flow seemed such a fundamental obstacle to divergence in sympatry that the goal of speciation studies was ''to search for genetic reasons that necessitate geographic isolation during speciation'' (2) .
The allopatric speciation dogma contradicts, however, with recent evidence for rapid evolution of reproductive isolation as a result of divergent selection in sympatry (3, 4) . Consequently, during the past decade, speciation studies have shifted from focusing on geography, back to Darwin's (5) emphasis on the role of ecology and selection in species formation (4, (6) (7) (8) (9) (10) ; correspondingly, the plausibility of sympatric speciation has been accepted (3, 4, 9, 11, 12) . Although ecological speciation need not be restricted to sympatry, it seems now likely that most sympatric speciation is ecological, mediated by competition for habitat or resources, or by host shifts and host race formation (7, 8, (13) (14) (15) .
Owing to the multifarious nature of speciation, verbal models and generalizations about data are superior to mathematical theory (16) . In recent mathematical models of sympatric speciation through natural or sexual selection (17) (18) (19) (20) , however, the combination of reality and generality strongly supports the interpretation that diverse sympatric sets of related taxa and ecological forms have resulted from divergence in sympatry; for example, closely related lake fish species (21) (22) , sympatric host races of herbivorous insects (4, 14, 15, 23, 24) , and snail ecomorphs (25) . Sympatric speciation is further supported by laboratory studies concluding that it is likely via pleiotropy or physical linkage disequilibrium where there is strong divergent selection relative to gene flow (26) , a conclusion corroborated by quantitative trait locus mapping (15) . Thus, theory, experiments, and field studies all suggest that a recurrent theme in sympatric speciation is divergent selection that leads to assortative mating through direct mate choice, or through choice of mating habitat or host plant. Also, during early phases of divergence in sympatry, factors acting against hybrids are ecological rather than genetic (15) .
So far, the ecological conditions thought to facilitate sympatric speciation include sympatric potential for habitat and host shifts (4) . An alternative scenario applies to the case of intraspecific parasitism in social Hymenoptera (27) (28) (29) (30) (31) (32) . Societies of many ant species accept surplus queens into the nest. The advantage of such polygyny is ecological (29) . Its disadvantage springs from the possibility that some of the surplus queens may produce almost exclusively sexual offspring raised by workers of nestmate queens, thus acting as intraspecific parasites (29) .
It has been suggested that completely or nearly workerless social parasites, inquilines, arose from intraspecific parasites, which are likely cases of sympatric speciation (32) . The suggestion is based on the observation that all inquiline ants are either closely related to their hosts (loose form of Emery's rule), or are the closest relatives to their hosts (strict form of Emery's rule) (33) . Although the evidence for the loose form of Emery's rule is convincing (34) , phylogeny-based studies on inquiline ants, bumblebees, and wasps have rejected the strict form of Emery's rule (35) (36) (37) (38) ; consequently, the studied inquilines cannot support sympatric speciation.
The validity of the strict form of Emery's rule and sympatric speciation has, however, been suggested repeatedly for Myrmica inquilines (28, 29) . Here we test the strict form of Emery's rule in Myrmica ants, and examine phylogenetic support for the evolution of inquilines in sympatry. In phylogenetic terms, we test the following three alternative hypotheses.
Hypothesis 1
The inquilines are polyphyletic and obey Emery's rule. Because the inquilines and their hosts in this study all belong to the genus Myrmica, the loose form of Emery's rule maintains by definition. Adherence to the strict form of Emery's rule, i.e., each inquiline in this study is the closest relative of its host, would support the interpretation that each inquiline originated as an intraspecific social parasite; such evolution of inquilinism would imply multiple sympatric speciation. Under the alternative, allopatric model, a new prospective inquiline species should first colonize the range of its present closest relative and host species, then evolve social parasitism within its new range, whereas its freeliving immediate ancestor would go extinct (32) . Even more complicated alternative allopatric scenarios can easily be derived.
Hypothesis 2
The inquilines are polyphyletic, but are located essentially randomly within the phylogeny. Such polyphyly would suggest that each inquiline has arisen independently without any correlation either to its host or to the other inquilines; consequently, the strict form of Emery's rule would be rejected, and the mode of speciation would remain open.
Hypothesis 3
The inquilines group monophyletically. Only if their positions in the phylogeny are within the clade including all their known hosts, would the loose form of Emery's rule (but not the strict form) maintain. Only if the inquiline clade would be the closest relative to one of the host species would a single sympatric speciation event through intraspecific parasitism be supported; radiation and speciation of the common ancestor of the present inquilines through host shifts could then explain the evolution of the present inquilines. A modification of this hypothesis states that the inquilines form two clades; the interpretation of such a pattern would depend on the positions of the inquilines in the phylogeny relative to their hosts, following the logic of the first two hypotheses. Similarly, in case of parapatry, ad hoc interpretation of the results would be necessary, depending on the pattern of paraphyly.
Materials and Methods
Myrmica and Its Social Parasites. The genus Myrmica (Myrmicinae) includes Ϸ110 described species in the Holarctic region (39); of these, 14 (Ϸ13%) are inquilines (40, 41) . Myrmica ants are suitable candidates of sympatric speciation owing to their social biology and ecology: most species are polygynous, and they develop locally high nest densities, which are necessary for the maintenance of inquiline populations (29, (42) (43) (44) .
Inquilines tend to be rare, but if the nest density of a suitable host is high, some inquiline species may be locally abundant (42, 45) . Inquilines do not usually produce worker offspring (28, 41, 46) , which are supplied by the host. The inquilines, thus, depend on their host for all colony tasks and cannot live without them.
Taxa Sampled. Two of the inquiline species included in the analyses, Myrmica hirsuta and Myrmica microrubra, are host specific (28, 41) , whereas Myrmica karavajevi uses as host Myrmica scabrinodis (the host in this study), Myrmica rugulosa, and Myrmica sabuleti (40) . We collected three inquiline-host pairs in Finland, a second sample of hirsuta-sabuleti in Germany, and obtained another microrubra-rubra from England. Each inquiline and its host came from the same nest. The four additional species of the genus Myrmica (all from unparasitized nests) were Myrmica ruginodis, M. rugulosa, Myrmica hellenica, and Myrmica sulcinodis; of these, the first two species are known to host inquilines. As outgroup species we used Manica rubida (Myrmicinae), and Camponotus herculeanus (Formicinae) . To analyze the inquiline-host relationships, our taxon sampling is comprehensive: it is unlikely that the Myrmica species not included in the study would alter the interpretations of the results (47) . Specimen localities are available in Table 5 , which is published as supporting information on the PNAS web site, www.pnas.org. Molecular Methods. Mitochondrial DNA was extracted from ethanol-preserved individual ants by using the Nucleo Spin Tissue kit (Macherey-Nagel). Parts of the cytochrome oxidase one (COI), cytochrome oxidase two (COII), and cytochrome b (Cyt b) genes were amplified and sequenced by using universal and ant-specific primers (Table 1) . Final concentrations of reagents in a 20-l PCR were 0.75ϫ Taq buffer͞0.09 mM dNTP͞3.1 mM MgCl 2 ͞0.5 M of each primer͞0.5 units of Taq polymerase. DNA was amplified through 30 cycles of 30 s at 94°C, 45 s at 46-49°C, and 2 min at 72°C. The PCR products were purified with GFX PCR DNA and Gel Band Purification kit (Amersham Pharmacia). In the sequencing reaction, BigDye (Original) Terminator Cycle Sequencing kit (Applied Biosystems) was used. The cycle sequencing reactions were purified with Centri-sep spin columns (Princeton Separations, Adelphia, NJ), and both strands were sequenced on an automated DNA sequencer ABI 377. The sequences were compiled, edited, and aligned in SEQUENCHER, version 3.0 (Gene Codes, Ann Arbor, MI).
Substitution Model. To find the best-fit substitution model for the data, we used MODELTEST version 3.06 (52) . The program compares nested models of DNA substitution in a hierarchical hypothesis testing framework. The program does not, however, include the site-specific rates model (53) , often used for proteincoding genes. To calculate the log-likelihood score and parameter estimates for the general-time-reversible model with sitespecific substitution rates, with one rate category for each codon position, we used PAUP 4.0b10 (54) . To compare the site-specific rates model (alternative model) and the best model produced by MODELTEST (null model), we could not use the 2 approximation, because the site-specific rates model is not nested with the models in MODELTEST. Thus, to compare the models statistically, we used SEQ-GEN version 1.2.4 (55) to produce by Monte Carlo simulations 100 data sets the size of the original data, with model parameters estimated from the original data according to the null model. We then calculated likelihood scores of the 100 simulated data sets under both the null and the alternative model, and the difference ␦ between each pair of scores, thus obtaining the null distribution of ␦ (56) . If the value of ␦ from the original data fell within the five largest values of the null distribution, then the null model was rejected in favor of the alternative model at the 5% level.
Phylogenetic Analyses. We applied Bayesian phylogenetic inference using MRBAYES version 3.0b3 (57, 58) . MRBAYES implements a Metropolis-coupled Markov chain Monte Carlo algorithm that runs several chains simultaneously; the method ensures that trees are sampled in proportion to their probability of occurrence under the model of evolution. We used the best-fit substitution model to carry out two separate runs with four Markov chains, each starting from a random tree. The Markov chains were run for one million generations, sampling every 100th generation for a total of 10,000 trees each run. We excluded the first 1,000 trees (10%) that were sampled before the chains converged on a stable value. Of the remaining 9,000 trees, we obtained in PAUP a majority-rule consensus tree and the posterior probability for each clade of the tree.
We applied Bayesian inference to study congruence among the three gene partitions (59) . For each partition and for the three partitions combined, we estimated the 0.95 posterior intervals of tree topologies, while assuming for each partition the best-fit model for the combined data. We then determined whether the topology for the combined data with the highest posterior probability lay within the 0.95 posterior interval of a partition. If the combined-data topology was within the 0.95 interval of a partition, we assumed that the topology could have produced the gene partition; otherwise, we interpreted the topology to be incongruent with the data.
We tested the alternative hypotheses of inquiline evolution [monophyletic vs. polyphyletic (or paraphyletic) origin of inquilines, the latter including the alternatives that inquilines are closely related to their hosts vs. randomly located in the topology] by considering the trees sampled by the Markov chains. The proportion of trees that were consistent with monophyly of all 9,000 trees sampled was an approximation of the posterior probability of monophyly. We used the same logic to find the posterior probabilities of paraphyly and polyphyly; the hypothesis of random location was evaluated on the basis of the probabilities of mono-, para-, and polyphyly.
We also conducted an equally weighted cladistic parsimony analysis, by using the branch-and-bound search in PAUP, with default settings, to find the most parsimonious tree. Support for the clades came from 1,000 bootstrap replicates with the branchand-bound search. We excluded the parsimony-uninformative characters from these analyses.
Results
After excluding the noncoding region between COI and COII, the sequence alignment of the three genes for the 16 taxa consisted of 2,772 base pairs (Table 2 ). GenBank accession numbers of the sequences are available in Table 5 .
Best-Fit Substitution Model. The best-fit model found by MODEL-TEST was the general time reversible model with ␥-distributed substitution rates and a proportion of invariable sites (GTRϩ⌫ϩI; -lnL 0 ϭ 1,2127.39). The site-specific rates model, with one rate category for each codon position over the three genes, had a higher likelihood score (GTRϩSS 3 ; ϪlnL 1 ϭ 1,1763.00) than GTRϩ⌫ϩI. The likelihood-ratio statistic for these models was ␦ ϭ (lnL 1 Ϫ lnL 0 ) ϭ 364.39. Because this value was larger than any of the 100 ␦ values within the simulated null distribution, we rejected GTRϩ⌫ϩI in favor of GTRϩ SS 3 (P Ͻ 0.01).
Parasite-Host Relationships. The majority-rule consensus tree of 9,000 Bayesian trees, based on the GTRϩSS 3 model, shows that the inquilines of Myrmica are polyphyletic (Fig. 1) . The probability of this topology (Hypothesis 1 in the introduction) is 0.945, and the 0.95 posterior interval includes only this tree (see Table  3 for parameter estimates for the combined data). The nodes of the tree are very well supported; all but two nodes have a posterior probability of 1.0, and the remaining nodes have posterior probabilities of 0.98 and 0.97 (Fig. 1) . The replicate run resulted in an identical topology and probabilities to that of the above one, except for the remaining two nodes (0.96 and 0.98). Cladistic parsimony analysis produced a single most parsimonious tree with an identical topology to that of the Bayesian consensus tree (tree length ϭ 1,551 steps, retention index ϭ 0.75).
Hypothesis 3, assuming a single origin of the inquilines was significantly worse-fitting than the optimal polyphyletic solution; the five parasites did not occur as a monophyletic group in any of the 9,000 trees, thus giving a probability of Ͻ1͞9,000 for their common ancestry. Hypothesis 2, suggesting random location of the inquilines in the topology, could also be rejected on the basis of the strong support for Hypothesis 1 (above).
The three inquilines differed in their phylogenetic positions and DNA sequence divergences (Fig. 1) . M. karavajevi was at the base of the clade containing all its known hosts, having the longest branch of the three parasite taxa (Fig. 1) . M. hirsuta was the sister group of its M. sabuleti host, but the two geographic replicates of both the parasite and the host were monophyletic (P ϭ 1.0 for both groups). The two M. microrubra differed genetically very little from their hosts, and M. microrubra grouped with M. rubra in both geographical areas, thus revealing polyphyly of the inquiline and its host (Fig. 1) . The posterior probability for polyphyly was P Ͼ 0.97, and for paraphyly, P Ͻ 0.03. The two M. microrubra never formed a monophyletic group in any of the 9,000 Bayesian trees, thus giving a probability Ͻ1͞9,000 for their monophyly.
Congruence Among Data Partitions. In the above analyses, we have combined all three genes. However, when the genes were analyzed separately, the tree topology based on the combined data were, satisfyingly, within the 0.95 posterior interval for the COI and the Cyt b genes, but not for the COII gene ( Table 4) . The majority-rule consensus tree based on 9,000 trees of COII was incompletely resolved owing to short sequence length (Fig.  2 , which is published as supporting information on the PNAS web site), but despite the apparent incongruence, its topology agreed, for the most part, with the topology of the combined data (Fig. 1) .
Discussion
Before discussing the significance of our results, the well known risk of using mtDNA data in reconstructing phylogenies ought to be evaluated. This is especially relevant, because our phylogeny based on the nuclear gene 28S, although consistent with the mtDNA tree, resolved only two species groups as given in Fig. 1 (unpublished data). The mtDNA is prone to introgression, and hybridization among species could thus confound the phylogeny (60) . Although interspecific hybridization is documented in many European ants on the basis of intricate morphological analyses, there is no evidence of hybridization among Myrmica species (61) . This finding, together with our very well supported mtDNA phylogeny, which is consistent with the Myrmica species groups distinguished on the basis of morphology (47) (Fig. 1) , suggests that introgression is not a likely source of bias in this study.
Our three inquilines form a unique sequence of parasite-host relationships, which probably reflects the evolutionary ages of their parasitic behavior. This is indicated by their phylogenetic positions and DNA sequence divergences (Fig. 1) . The location of M. karavajevi at the base of the clade containing all its known hosts, fits the loose form of Emery's rule. The two other inquiline-host pairs obey the strict form of Emery's rule, but (62), and M. microrubra presumably is an incipient species. In this case, the two divergent populations would still be undergoing lineage sorting, the mtDNA not yet having coalesced. Alternatively, M. microrubra may evolve in parallel (see refs. 3 and 8) in different regions. In lack of more detailed molecular, behavioral and ecological data it is not possible to distinguish between the two alternatives. Finally, M. microrubra may be an intraspecific parasite of M. rubra, and the polyphyletic mtDNA pattern would testify of ongoing gene flow between the parasite and its host. Further divergence and evolution of reproductive isolation could take place, if fortuitous pleiotropic or linkage-disequilibrium correlations developed between parasitic behavior and changes in time or place of mating, leading to positive assortative mating of M. microrubra females and males, as seems the case in pea aphid host races (15) .
The relative ages of the inquilines are also reflected in their number of host species, morphology and reduction of the workforce. M. karavajevi uses several host species, is workerless, morphologically very differentiated, and has traditionally been classified as Sifolinia or Symbiomyrma (40) . M. hirsuta is hostspecific, easily distinguishable from its host, and occasionally produces a few workers. M. microrubra is host-specific, produces a strongly reduced number of workers (63) , and is separable from M. rubra by subtle morphometric differences, mainly smaller size (41).
Our results reject Hypothesis 2 and Hypothesis 3 as formulated at the end of the Introduction, but agree with Hypothesis 1. Adherence to the strict form of Emery's rule by M. hirsuta and M. microrubra strongly supports sympatric speciation of the inquilines, which is also consistent with the ''karavajevi'' ancestor. The present M. karavajevi obeys the loose form of Emery's rule. Its multiple hosts, belonging to the same clade as the inquiline, and four other karavajevi-like species parasitizing Fig. 1 . Majority-rule consensus tree of 9,000 Bayesian trees. Bold numbers above branches represent the posterior probability that the clade is correct, given the model of evolution, and numbers above the posterior probabilities are bootstrap proportions; average branch length estimates from the Bayesian analysis are given below the branches (tree length ϭ 1.206). The single most parsimonious tree topology is identical to that of the Bayesian consensus tree. Parasites are given in frames with solid arrow lines pointing to their hosts in this study; other documented karavajevi hosts, rugulosa and sabuleti (43) , are shown with dashed lines. The three species groups shown with vertical lines are defined on the basis of worker morphology, excluding the inquilines (47) .
other Myrmica species (40), may be a result of host shifts of ''karavajevi'' ancestor, resulting in host expansion and later host specialization and speciation. This mode of radiation has been documented in various parasitic taxa, such as mistletoes (64), red algae (65) , and gall wasps (66) , and seems plausible also in bumblebee (35) and paper wasp inquilines (37) . Alternatively, ''karavajevi'' may have increased its host array concurrently with speciation events in its original host lineage. It has also been suggested that, given that the host species have been properly identified, the present M. karavajevi may be a complex of host-specific sister species (40) .
Accounting for the phylogenetic relationships of Myrmica inquilines, which support the independent origins of the inquilines and obey the strict form of Emery's rule in two of the inquilines, through allopatric speciation (see Hypothesis 1) would involve complicating factors such as (i) after divergence in geographical isolation, recolonization of former range, (ii) evolution of parasitism to use its seemingly closest relative as host, and (iii) extinction of its free-living immediate ancestor, i.e., its real closest relative (32) . On the other hand, the model of evolution of inquilinism in sympatry builds on known features of the polygyny syndrome. Its key feature is polygyny, the presence of multiple queens in the nest (27, 29, 31, 32) , which could start a process leading to cheating where a female produces mainly sexual offspring at the expense of other queens producing the workforce, and miniaturization of the sexual offspring by the cheating queens. These changes would automatically shift the timing of mating between the parasite and the host. Incipient reproductive isolation could be strengthened by changes in the mating site of the parasite. In the following, we will discuss the process in more detail.
Polygyny is advantageous in specific ecological conditions, where suitable, patchily distributed but relatively extensive and stable habitat is open for colonization (67) . There polygynous societies are able to grow rapidly to a dense multinest system that fills the free space. This polygyne tactic is, in contrast to dispersal by flight and claustral colony foundation by single queens, most economically realized by producing numerous small, cooperating queens.
The ecologically well studied M. ruginodis is a good example of a species using the above alternative social tactics. Polygynous colonies containing more than one functional, small queen (microgyne) specialize on stable habitats, e.g., heather moorland. Monogynous colonies usually have a large queen (macrogyne) and use shorter-lived habitats (68) . However, both queen types can be polygynous, and a substantial proportion of colonies contain a mixture of small and large queens (69) .
In certain conditions, alternative adaptations may facilitate strong diversifying selection and speciation: alternative social behavior is here a special case (70) . In social insects, acceptance of extra queens into the colony makes the system vulnerable to a parasitic tactic in which some queens use the existing workforce to produce mainly sexual offspring (29) . It may not be a mere coincidence that the genus Myrmica has an exceptionally high number of inquiline species (40) and that most, if not all, of its well studied species are known to have polygynous societies (29, (42) (43) (44) .
The ant tribe Formicoxenini (Myrmicinae) is comparable to Myrmica in its relatively high proportion of polygyny and inquiline species (as implied in refs. 30 and 31) . Basic similarities in the social biology and ecology between many Formicoxenini (e.g., Leptothorax) and Myrmica species suggest evolution of inquilinism through intraspecific parasitism also in this tribe. In contrast, functionally monogynous species of ants, wasps, and bumblebees, used to test the strict Emery's rule phylogenetically, have rejected the rule (refs. 35-38; gyny assessed from refs. 36, 42, 71, and 72). Consequently, in these cases, evolution of inquilinism through intraspecific parasitism is rejected. The low proportion of inquilines in monogynous taxa also suggests that monogynous species resist inquilines better than do polygynous species.
Normally the presence of a fertile queen stimulates workers to favor smaller worker-biased larvae, while inhibiting the growth of larger larvae due to develop into gynes (here, young unfertilized, alate queens) (29) . Notably, this ''queen effect'' is not species-specific in Myrmica (73) . A further step toward the evolution of true social parasites is miniaturization of the polygyne queen (27, 29, 74) ; of our inquilines, the queens of M. microrubra and M. hirsuta are, on an average, only slightly larger than their host workers, and the queen of M. karavajevi is substantially smaller than its host workers.
Miniaturization of the intraspecific parasite may help its gyne offspring to escape the queen effect. For example, M. microrubra completely suppresses production of sexuals by its host queens, raises only a few workers, but a 37-fold number of gynes relative to nonparasitized M. rubra (63) . M. microrubra lacks the queen effect on its own offspring (41), and small gyne larvae of the inquiline may develop as fast as the host workers do in the presence of the host queen, and faster than M. rubra gynes in nonparasitized nests. This could cause earlier maturation of the parasites, and through earlier mating facilitate evolution of reproductive isolation between the parasite and its host (32) . Instead of mating at swarming sites outside the nest, and dispersing by flight to found a new colony alone as macrogynes do, microgynes may mate in or close to the nest, and return to the nest or a neighboring nest, where they are accepted as extra queens (27, 29, 31, 32) .
There is a fair probability that M. microrubra would mate in the nest with males of its kin rather than with males of M. rubra. This follows from differences in the production of males in the two species (29) . By necessity, the practically workerless queen of M. Cumulative Pr is the sum of the Pr of that topology and all topologies with a greater Pr. microrubra has to produce both female and male offspring. In contrast, M. rubra female offspring are produced by the queen(s), but male offspring (mostly) by workers; however, workers will produce males only in queenless nests. Further, because the queen effect is not species-specific, M. microrubra prevents production of sexual offspring of its host female; consequently, given that M. microrubra sexuals mate in the nest, interbreeding of M. microrubra and M. rubra would be efficiently inhibited. Indeed, intranidal mating seems to predominate in two groups of ants: social parasites and highly polygynous tramp species (75) .
Empirical studies, as well as theory emphasizing the active role of natural selection in sympatric speciation, suggest that sympatric speciation is likely to occur faster and involve fewer loci than does allopatric speciation (4); actually, sympatric speciation could produce punctuated patterns of evolution, socially parasitic species serving as especially convincing examples (70) . The recent finding that a major gene can switch the colony organization of the fire ant Solenopsis invicta from monogyny to polygyny (76) demonstrates how a single genetic change, in a suitable ecological context, can start a strong runaway process leading to social parasitism. Given polygyny and the possibility of cheating, selection should strongly favor miniaturization of the polygyne queens, changed mating behavior, and fidelity to the birth habitat. However, details of the evolution of reproductive isolation between the incipient inquiline and its host are still unknown, and one of the most crucial future fields of study of sympatric speciation of social parasites.
